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CIRCUIT APPARATUS FOR ENABLING USE OF 
AN A-C TACHOMETER AS THE SPEED SIGNAL 
FROM A BI-DIRECI‘IONAL D-C MACHINE 

BACKGROUND OF THE INVENTION 

The present invention relates to an apparatus for 
enabling the use of an a-c tachometer output as the 
speed signal from a bi-directional d-c machine. More 
particularly, the present invention relates to a means for 
providing a d-c signal output which has an absolute 
value proportional to the speed of a bi-directional d-c 
machine and a polarity indicative of the direction of 
rotation of the bi-directional d-c machine and which 
utilizes an a-c tachometer output as the input speed 
signal. 

In the past, the most common means of determining 
the speed of a motor was to use a d-c tachometer con 
nected to the shaft of the d-c machine. The d-c tachom 
eter is typically a permanent magnet‘ generator which 
provides an output which is proportional to the speed of 
rotation and the polarity of which is a function of the 
direction of rotation. However, the d-c tachometer has 
several disadvantages. One of these disadvantages is 
that the output voltage for a predetermined speed of 
rotation is slightly different between the forward and 
reverse directions of rotation. Another disadvantage is 
that the d-c tachometer requies brushes which are sub 
ject to wear and which require periodic maintenance. 
An even more serious disadvantage is that explosion 
proof designs are dif?cult to achieve and expensive due 
to the need to protect against the possibility of arcing at 
the comutator’s surface. These problems are not present 
when an a-c tachometer is used as the speed signal 
source. The a-c tachometer provides an output a-c volt 
age which is proportional to the speed of rotation. 
However, when using an a-c tachometer alone, the 
direction of rotation of the machine is not known. 
The present invention overcomes these disadvan 

tages by enabling the use of an a-c tachometer as the 
' speed signal from a bidirectional machine by providing 
a means of converting the a-c output of the tachometer 
to a d-c signal having an absolute value proportional to 
the speed of the machine and a polarity which is a func 
tion of the direction of rotation of the machine. 

SUMMARY OF THE INVENTION 

The polarity of the counter electromotive force gen 
erated by a d-c motor is a direct function of the polarity 
of the ?eld excitation and the direction of rotation. For 
a unidirectional ?eld source, the polarity of counter 
electromotive force is a true indication of the direction 
of rotation. However, the. terminal voltage of a d-c 
motor equals the counter electromotive force only 
when no current is flowing in the armature. In accor 
dance with the present invention, circuit means is pro 
vided to produce a signal proportional to the real or 
true counter electromotive force by using the armature 
voltage and armature current. It is well known in the art 
that: 

CEMFT = V —~ IRa (1 + TaS), where: 

CEMFT is the true counter electromotive force, V is 
the armature terminal voltage, I is the armature current, 
Ra is the armature resistance, Ta is the ratio of armature 
inductance to armature resistance, and S is the Laplace 
transform operator. This equation may be solved for 
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2 
CEMFT/(1 + TaS) by dividing both sides of the equa 
tion by quantity (1 + TaS). This results in the equation: 

CEMFT/(1 + TaS) = V/(l + TaS) - Ira. 

The quantity CEMFT/(1 + TaS) is a quantity which is 
proportional to the true counter electromotive force 
generated in the armature of the bi-directional d-c ma 
chine. A circuit is disclosed herein for synthesizing or 
providing this signal which is proportional to the 
counter electromotive force generated in the armature 
of the bi-directional d-c machine. This signal is identi 
?ed hereinafter as CEMF. The polarity of this signal 
may be used as an indication of the direction of rotation 
of the bi-directional d-c machine. However, other sec 
ondary currents affect and distort the generated counter 
electromotive force signal CEMF, such as armature 
reaction. The polarity of the counter electromotive 
force signal CEMF will always correspond to the polar 
ity of the counter electromotive force in the armature of 
the motor during the time that the armature current of 
the d-c machine is zero, and will usually correspond at 
all other times. Therefore, a polarity circuit is provided 
which is responsive to the generated counter electro 
motive force signal CEMF and the armature current. 
The polarity circuit provides maximum sensitivity to 
the counter electromotive force signal when the arma 
ture current is at or near zero. Due to the selective 
sensitivity of the polarity circuit, the polarity signal 
output of the polarity circuit always corresponds to the 
direction of rotation of the bi-directional d-c machine. 

Brie?y and basically, in accordance with the present 
invention, circuit apparatus for providing a signal indic 
ative of speed and direction of rotation is provided. The 
circuit apparatus uses an a-c tachometer output as the 
speed signal for a bi-directional d-c machine. The cir 
cuit apparatus includes circuit means responsive to ar 
mature terminal voltage and armature current to pro 
vide a signal proportional to the counter electromotive ' 
force generated in the armature of the bi-directional d-c 
machine. The circuit apparatus also includes polarity 
circuit means responsive to armature current and the 
signal proportional to the counter electromotive force 
for generating a signal which is a function of the polar 
ity of the counter electromotive force generated in the 
armature of the bi-directional d-c machine. The circuit 
apparatus further includes an absolute value circuit 
means for receiving the output of an a-c tachometer 
driven by the bi-directional d-c machine. The absolute 
value circuit means is responsive to the polarity signal 
for generating an output signal having an absolute value 
proportional to the output of the a-c tachometer and the 
speed of the d-c machine, and a polarity which is a 
function of the direction of rotation of the d-c machine. 

BRIEF DESCRIPTION OF THE DRAWING 

For the purpose of illustrating the invention, there is 
shown in the drawing a form which is presently pre 
ferred; it being understood, however, that this invention 
is not limited to the precise arrangements and instru 
mentalities shown. 
FIG. 1 is a schematic diagram of a circuit apparatus in 

accordance with the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

Referring now the drawing, there is shown a bi-direc 
tional d-c machine 10 of which it is desired to have a 
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signal representative of the speed and direction of rota 
tion of the machine. This signal may be desirable for 
motor control, monitoring and other control purposes. 
An a-c tachometer 12 is physically coupled to the shaft 
of the bi-directional d-c machine 10. The a-c tachometer 
12 provides an a-c signal on output line 14, the magni 
tude of which is proportional to the rotational speed of 
bi-directional d-c machine 10. A signal is obtained on 
line 16 from bi-directional machine 10 which is repre 
sentative of the armature terminal voltage. A signal is 
obtained on line 18 from bi-directional d-c machine 10 
which is representative of armature current. 
The signal on line 16 representative of armature ter 

minal voltage is fed to a resistor and capacitor network 
comprised of resistor 20 and capacitor 22 connected in 
series between the armature terminal and ground. The 
voltage at the junction between resistor 20 and the 
capacitor 22 is fed to non-inverting input 24 of opera 
tional ampli?er 26. The voltage on input 24 is equal to 
V/(l + R20C22S) with R20 being equal to the resis 
tance of resistor 20 and C22 being equal to the capaci 
tance of capacitor 22. S is the Laplace transform opera 
tor. The product of R20 and C22 is selected to be equal 
to the value Ta which is the ratio of armature induc 
tance t0 armature resistance, the time constant of the 
armature. The value Ta was discussed above. It is there 
fore seen that the voltage input on input 24 of opera 
tional ampli?er 26 is equal to V/(l + TaS). ()perational 
ampli?er 26 may be any suitable well known type of 
operational ampli?er. 
The signal on line 18, representative of armature 

current, is applied to. potentiometer 28 and the input of 
zero current detector 30. The signal on line 18 is pro 
portional to the armature current and is applied to po 
tentiometer 28. The arm 32 of potentiometer 28 is ad 
justed so that the signal through resistor 34 is scaled to 
be equal to IRa which is the armature current multi 
plied by armature resistance. This signal is applied to 
inverting input 36 of operational ampli?er 26 and is 
subtracted from the signal applied to the non-inverting 
input 24. The resultant output of operational ampli?er 
26 is a difference signal which is the synthesized signal 
CEMF, which is discussed above equals CEMFT/ (1 + 
TaS) which equals V/(l + TaS) -— IRa. Resistor 38 
functions as a feedback resistor. 
Zero current detector 30 detects armature current 

?ow below a predetermined level or, in other words, 
armature current ?ow which is substantially zero. By 
way of example, but not by way of limitation, zero 
current detector 30 will produce a positive output signal 
when armature current is equal to or less than 5% of 
rated armature current. Zero current detector 30 can be 
any one of numerous zero current detector circuits well 
known to those skilled in the art. For example, the zero 
current detector circuit may be a comparator circuit in 
which the armature current is compared to a predeter 
mined set level or which is compared to a selectable 
predetermined level. Means for generating a compari 
son level or threshold level are well known to those 
skilled in the art. For example, the comparison level can 
be generated by a voltage divider network comprised of 
resistors or of resistors and voltage breakdown devices, 
such as zener diodes. 
Although the input to zero current detector 30 is 

shown as being derived directly from bi-directional d-c 
machine 10, it is understood that this input could be 
obtained from other circuitry used in connection with 
the bi-directional d-c machine 10. For example, the 
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4 
input to the zero current detector could be taken from a 
silicon control recti?er (SCR) controller providing the 
pulsating d-c armature voltage to bi-directional d-c 
machine 10. It is preferred that the circuit of the present 
'invention be utilized with a bi-directional d-c machine 
supplied from a source of armature current which peri 
odically goes to or approaches zero. In this manner, the 
accuracy of the output signal of the present invention 
may be maximized. This could become of importance 
where the bi-directional d-c machine 10 is operated at 
very low speeds, for example, two or three revolutions 
per minute. 
The CEMF signal output of operational ampli?er 26 

is fed to a polarity circuit comprised of operational 
ampli?er 44 and associated circuitry. The output on line 
40 of operational ampli?er 26 is supplied as an input to 
input 42 of operational ampli?er 44 through either a 
resistor 46 or a ?eld effect transistor 48. Field effect 
transistor 48 is turned on or placed in a conducting state 
by a positive output from zero current detector 30 ap 
plied to its gate 50 through resistor 52. The purpose of ' 
?eld effect transistor 48 is to short out resistor 46 to 
selectively increase the sensitivity of operational ampli 
?er 44 to the CEMF signal generated by operational 
ampli?er 26 when zero current detector 30 detects zero 
or substantially zero armature current flow. However, 
it is understood that various other suitable switching 
means can be used in place of ?eld effect transistor 48 to 
short out resistor 46 during periods when armature 
current is detected to be substantially zero. 
The polarity circuit comprised primarily of opera— 

tional ampli?er 44 and the associated circuitry operates 
as follows. Assuming that armature current is not sub 
stantially zero, the output of zero current detector 30 is 
negative causing ?eld effect transistor 48 to be biased 
off or in a non-conducting state. Assuming that the 
output 54 of operational ampli?er 44 is positive, current 
will ?ow from output 54 of operational ampli?er 44 to 
output 40 of operational ampli?er 26 through resistors 
58, 56 and 46. If input 42 of operational ampli?er 44 is 
positive, the output 54, which may be referred to as the 
polarity signal, is positive. If input 42 is negative, the 
polarity signal on output 54 is also negative. Therefore, 
the polarity signal will not switch unless the CEMF 
signal on line 40 from operational ampli?er 26 is of the 
opposite polarity compared to the polarity of the polar 
ity signal and of suf?cient magnitude to change the 
polarity of input 42. In other words, the sensitivity of 
the polarity circuit is maximum when the zero current 
detector 30 detects zero or substantially zero armature 
current ?ow. The magnitude of the CEMF signal on 
line 40 necessary in order to cause a switching of the 
polarity signal on output 54 of operational ampli?er 44 
is equal to the magnitude of the polarity signal multi 
plied by the quantity (value of resistor 46 divided by the 
sum of the values of resistors 46 and 56), which may be 
expressed in formula form as: CEMF (switch) = 
(V(polarity signal» R46)/(R46 + R56). 
When zero current detector 30 produces a positive 

output in response to the detection of zero or substan 
tially zero armature current ?ow, this positive signal is 
applied to the gate of ?eld effect transistor 48 turning on 
?eld effect transistor 48 and shorting out resistor 46. 
The shorting out of resistor 46 causes the signal CEMF 
from operational ampli?er 26 to be applied directly to 
input 42 of operational ampli?er 44. Therefore, the 
output of the polarity sensing circuit is directly con 
trolled by the signal CEMF during periods of zero or 
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minimal armature current flow. At other times, a prede 
termined degree of insensitivity is programmed into the 
polarity circuit thereby increasing the accuracy of the 
output of the polarity circuit. 
The alternating current output of a-c tachometer 12 

on output line 14 has a magnitude which is proportional 
to the speed of bi-directional d-c machine 10.‘ This out 
put is fed via resistor 62 to inverting input 64 of opera 
tional ampli?er 66. Assuming rotation of bi-directional 
d-c machine 10 in a ?rst direction which produces a 
positive polarity signal on the output 54 of operational 
ampli?er 44, the application of this positive polarity 
signal to the gates 70 and 72 of ?eld effect transistors 74 
and 76, respectively, via resistors 78 and 80, respec 
tively, causes ?eld effect transistors 74 and 76 to be 
turned on or forced into a conducting state. This polar 
ity signal is applied to the junction of resistor 78 and 80 
via line 82. The turning on of ?eld e?‘ect transistor 74 
completes a feed back path between output 84 and input 
64 of operational ampli?er 66 when output 84 is positive 
via ?eld effect transistor 74, diode 86 and resistor 88. 
Similarly, when output 84 of operational ampli?er 66 is 
negative, a feedback path is completed, for a positive 
polarity signal, via ?eld effect transistor 76 and diode 

The positive polarity signal on output 54 of opera 
tional ampli?er 44 is also applied to the base of transis 
tor 92 via resistor 94 and line 96. The positive polarity 
signal on the base of transistor 92 causes transistor 92 to 
be non-conducting thereby enabling point 98 to fall to 
the negative supply potential of —V through resistor 
100. The negative supply voltage of —V may be, in 
practice, —20 volts. The potential at point 98 is applied 
to gate 102 of ?eld effect transistor 104 via resistor 106 ' 
and to gate 108 of ?eld effect transistor 110 via resistor 
112. The application of the negative potential to the 
gates 102 and 108 keeps ?eld effect transistors 104 and 
110 turned off. Diode 114 in the emitter base circuit of 
transistor 92 protects the emitter base junction of tran 
sistor 92 from excessive positive potential thereby act 
ing as a protective diode. It is understood that various 
switching devices well known in the art may be used in 
place of ?eld effect transistors 74, 76, 104 and 110 and 
transistor 92. 
With a positive polarity signal on output 54 of ampli 

?er 44, ?eld effect transistor 74 and 76 are turned on and 
?eld effect transistors 104 and 110 are turned off. Under 
these conditions, the following occurs on the positive 
half cycle of the output of a-c tachometer 12. The posi 
tive signal is applied through resistor 62 to the summing 
junction at point 120 and input 64 of operational ampli 
?er 66. Since input 64 of operational ampli?er 66 is an 
inverting input, the output signal on output 84 of opera 
tional ampli?er 66 is negative. The negative output 
causes a negative feedback signal to be sent back to 
input terminal 64 via ?eld effect transistor 76 and diode 
90. The effect of the negative polarity feedback signal 
on the positive polarity input is that the summing junc 
tion at point 120 and input 64 of operational ampli?er is 
maintained at a zero voltage level. Since input 64 and 
point 120 between resistor 62 and resistor 88 are at a 
zero voltage level, no current ?ows through resistor 88. 
Therefore, the voltage level at point 122, between resis 
tors 88 and 124, is maintained at a zero level. This re 
sults in no current ?owing through resistor 124. How 
ever, the positive voltage of output 14 of a-c tachometer 
12 is applied through resistor 126 to inverting input 128 
of operational ampli?er 130. This results in a negative 
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6 
output potential on output 140 which is proportional to 
the positive half cycle of the output voltage of a-c ta 
chometer 12. Resistor 132 is a feedback resistor on oper 
ational ampli?er 130 and resistor 134 is a biasing resistor 
for operational ampli?er 130. Resistor 141 is a biasing 
resistor for operational ampli?er 66. 
On the negative half cycle of the output of a-c ta 

chometer 12, still assuming rotation of bi-directional d-c 
machine 10 in the ?rst direction causing a positive po 
larity signal on output 54 of operational ampli?er 44, the 
negative signal of the negative half cycle of the a-c 
tachometer output is applied to input 64 of operational 
ampli?er 66. This signal causes a positive signal on 
output 84 of operational ampli?er 66 and a positive 
polarity feedback signal being fed back to summing 
junction 120 and input 64 via ?eld effect transistor 74, 
diode 86 and resistor 88. This feedback signal maintains 
the summing junction 120 and input 64 of operational 
ampli?er 66 at a zero voltage level. The component 
values are chosen so that the voltage at junction 122 is 
proportional in magnitude, but opposite in polarity to 
the minus voltage output of a-c tachometer 12. The 
positive voltage at point 122 causes current ?ow 
through resistor 124 into the summing junction at input 
128 of operational ampli?er 130 and out through resis 
tor 126 to the output 14 of a-c tachometer 12. The value 
of resistor 126 is selected so that the net current into the 
summing junction of operational ampli?er 130 is equal 
to the current which would ?ow if the a-c input were 
positive. The net result is that the output on 140 will be 
negative and proportional to the value of the a-c output 
of a-c tachometer 12. In other words, for a positive 
polarity signal on output 54 of operational ampli?er 44, 
indicating rotation of the armature of bi-directional d-c 
machine 10 in a ?rst direction, the output signal on 
output 140 of operational ampli?er 130 is a negative 
signal for both the positive and negative half cycles of 
the output of a-c tachometer 12, the magnitude of 
which is proportional to the magnitude of the output of 
a-c tachometer 12. The negative polarity of the output 
signal on output 140 indicates one direction of rotation 
of bi-directional d-c machine 10. The components 
which affect the output voltage on output 140 are resis 
tors 62, 88, 124, 126 and 132. Although numerous com 
binations of component values may be selected to satisfy 
the requirements of the present invention, a circuit has 
been built and tested to operate successfully using a 
value of 10,000 ohms for resistors 62, 88 and 124, a value 
of 20,000 ohms for resistor 126 and a value of 27,400 
ohms for resistor 132. 
With respect to the condition in which there is a 

positive polarity signal on the output of operational 
ampli?er 44, the operation of the circuit with respect to 
the input of operational ampli?er 130 may be explained 
in the following manner. Resistor 126 may be consid 
ered as a ?rst input signal path to operational ampli?er 
130 and resistor 124 as a second input signal path with 
algebraic summing of the signals in these two input 
signal paths taking place at the input 128 of operational 
ampli?er 130. When there is a positive half cycle input 
from a-c tachometer 12, there is no current ?ow 
through resistor 88 and the total input to operational 
ampli?er 130 is applied through resistor 126 which is 
the ?rst input signal path to operational ampli?er 130. 
Resistor 126 has a value equal to twice the value of 
resistor 124 and the value of resistor 88 is the same as 
the value of resistor 62. Assuming that the positive half 
cycle output of a-c tachometer 12 is two volts positive, 
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four volts peak to peak, a positive one volt signal would 
be applied to input 128 of operational ampli?er 130 by 
reason of the selection of the resistance values. 
On the negative half cycle of the a-c tachometer 

output, still assuming that the output of a-c tachometer 
is four volts peak to peak, the negative half cycle input 
would be minus two volts applied through resistor 62 to 
input 64 of operational ampli?er 66. The positive output 
of operational ampli?er 66 is applied to summing junc 
tion point 120 through diode 86 and resistor 88 causing 
summing junction point 120 and input 64 of operational 
ampli?er 66 to be a zero volts. The current ?ow 
through resistor 88 results in point 122 being at a posi~ 
tive two volts. The negative two volt signal on output 
14 of a-c tachometer 12 is applied to the input 128 
through resistor 126, the ?rst input signal path. The 
positive two volt signal selectively developed at point 
122 is applied to input 128 of operational ampli?er 130 
through the resistor 124, the second input signal path. 
The algebraic summation of these signals produces a net 
result on input 128 which is a positive one volt signal 
due to the resistance value of resistor 126 being twice 
the resistance value of resistor 124. This results in an 
output signal on output 140 of operational ampli?er 130 
being a predetermined negative voltage which is equal 
for both the positive and negative half cycles. 
The operation of the circuit is substantially similar for 

a negative polarity signal indicating rotation of bi-direc 
tional machine 10 in a second direction, that is, opposite 
to the ?rst direction. The magnitude of the output on 
140 is determined by the same components resulting in 
an output voltage having an absolute value exactly the 
same for a given speed independent of whether bi-direc 
tional d-c machine 10 is rotating in a ?rst or a second 
direction. In other words, the magnitude of the output 
voltage is independent of the direction of rotation of d-c 
machine 10. This obviates the disadvantages of d-c 
tachometers in which there is a slightly different output 
between the forward and reverse directions for a given 
speed of rotation. 
For a negative polarity signal on output 54 of opera 

tional ampli?er 44, indicating a second direction of 
rotation, ?eld effect transistors 74 and 76 are turned off 
by reason of the application of the negative signal to 
gates 70 and 72, respectively, via line 82. The negative 
polarity signal on the base of transistor 92 causes transis 
tor 92 to be turned on. The turning on of transistor 92 
causes point 98 to rise to ground potential. This ground 
or common voltage at point 98 is applied to gates 102 
and 108 of ?eld effect transistors 104 and 110, respec 
tively, biasing them on or into conduction. With ?eld 
effect transistors 104 and 110 biased on, a feedback path 
is completed for operational ampli?er 66 via ?eld effect 
transistor 110 and diode 142 for a positive output on 
output 84 and via ?eld effect transistor 104, diode 144 
and resistor\88 for a negative signal on output 84. 
Under this condition of a negative polarity signal, for 

the positive half cycle of ‘the output of a-c tachometer 
12, a positive signal is applied to input 64 of operational 
ampli?er 66. This forces the output 84 of operational 
ampli?er 66 to go negative resulting in the negative 
output signal being fed back to summing junction 120 
via ?eld effect transistor 104, diode 144 and resistor 88. 
This again results in a zero potential at point 120 and a 
negative potential at point 122 which is equal in magni 
tude to the output of a-c tachometer 12 but of opposite 
polarity. This negative signal at point 122 is applied to 
input 128 of operational ampli?er 130 viaresistor 124. 
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8 
The positive half cycle of the output of a-c tachometer 
12 is also applied to input 128 via resistor 126. However, 
resistor 126 is twice the value of resistor 124. The net 
result is a negative signal to operational ampli?er 130 
resulting in a positive output signal on output 140. 
For the negative half cycle of the output of a-c ta 

chometer 12, the output of a-c tachometer 12 is applied 
to input 64 of operational ampli?er 66 via resistor 62. 
This negative signal causes the output of operational 
ampli?er 66 to go positive resulting in a positive feed 
back signal to summing junction 120 via ?eld effect 
transistor 110 and diode 142. The net result is that the 
input 64 and summing junction point 120 are at zero 
volts. Since there is no current ?ow through resistor 88, 
point 122 is also maintained at zero potential- The nega 
tive half cycle of the output voltage of a-c tachometer 
12 is therefore applied through resistor 126 to inverting 
input 128 of operational ampli?er 130. Due to the selec 
tion of resistor values, as previously explained, the out 
put of operational ampli?er 130 is again a positive out- ' 
put which is equal to the positive output achieved on 
the positive half cycle of the output voltage of a-c ta 
chometer 12. 

It can, therefore, be seen that the output signal on 
output 140 is a pulsating direct current signal which has 
a magnitude proportional to the magnitude of the a-c 
output of a-c tachometer 12 and a polarity whichis a 
function of the polarity signal. Since the a-c tachometer 
output has a magnitude which is proportional to the 
speed of rotation of bi-directional d-c machine 10, the 
absolute value or magnitude of the output signal is pro 
portional to the speed of rotation of bi-directional d-c 
machine 10. Since the polarity signal has the polarity of 
the counter electromotive voltage generated in the 
armature of the bi-directional d-c machine 10, the polar 
ity of the output signal on output 140 is indicative of the 
direction of rotation of bi-directional d-c machine 10. 

In summary, with respect to the absolute value circuit 
means comprised of a ?rst ampli?er 66, a second ampli 
?er 130, the switch means on the output of ampli?er 66 
and the related circuitry, the absolute value circuit pro 
duces a pulsating direct current signal on the output of 
ampli?er 130 which is proportional to the magnitude of 
the a-c output of the a-c tachometer 12 and which has a 
polarity which is a function of the polarity signal. The 
switch means on the output of ampli?er 66 is comprised 
of two sets of two unidirectional current switch means 
for controlling the feedback signal paths around ampli 
?er 66. The two sets of unidirectional current switch 
means are inverse parallel connected switches from the 
output to the input of ampli?er 66. One set of switch 
means is comprised of a ?rst unidirectional current 
switch means comprised of ?eld effect transistor 104 
and diode 144 and a second unidirectional current 
switch means is comprised of ?eld effect transistor 110 
and diode 142. The second set of two unidirectional 
current switch means is comprised of a ?rst unidirec 
tional current switch means comprised of ?eld effect 
transistor 74 and diode 86 and a second unidirectional 
current switch‘ means comprised of ?eld effect transis 
tor 76 and diode 90. As described previously, the ?rst 
set of unidirectional current switch means is enabled 
when the polarity signal is of a ?rst polarity and the 
second set is enabled when the polarity signal is of the 
opposite polarity,. With one set of unidirectional cur 
rent switch means enabled, conduction occurs through 
one of the unidirectional current switch means as deter 
mined by the polarity on the output of ampli?er 66. For 
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example, if the ?rst set of unidirectional current switch 
means is enabled, and the output of ampli?er 66 is nega 
tive, current will ?ow through ?eld effect transistor 104 
and diode 144 to develop a signal across resistive com 
ponent 88. The signal developed across component 88 is 
applied to the input of second ampli?er 130 via the 
second signal path comprised of resistor 124. When the 
output of ?rst ampli?er 66 goes positive, with the ?rst 
set of unidirectional current switch means still in an 
enabled state, current will no longer ?ow through diode 
144, but will ?ow through diode 142. Current flow 
through diode 142 does not develop a signal across 
component 88, and therefore, no signal is applied to the 
input of the second ampli?er 130 via the second signal 
path through resistor 124. The second set of switch 
means operates in a similar manner when enabled, the 
polarity signal being of the opposite polarity. 
The present invention can be embodied in other spe 

ci?c forms without departing from the spirit or essential 
attributes thereof, and, accordingly, reference should be 
made to the appended claims, rather than to the forego 
ing speci?cation as indicating the scope of the inven 
tion. 

I claim: 
1. Circuit apparatus for providing a signal indicative 

of speed and direction of rotation of a bi-directional d-c 
machine utilizing an a-c tachometer output as the speed 
signal from said bi-directional d-c machine, comprising: 

circuit means responsive to armature terminal voltage 
and armature current of said d-c machine for pro 
viding a polarity signal indicative of the polarity of 
the counter electromotive force generated in the 
armature; and 

absolute value circuit means for receiving the output 
of the a-c tachometer driven by said bi-directional 
d-c machine, said absolute value circuit means 
being responsive to said polarity signal and gener 
ating an output signal having an absolute value 
proportional to the output of said a-c tachometer 
and the speed of said d-c machine and a polarity 
which is a function of the direction of rotation of 
said d-c machine. 

2. Circuit apparatus in accordance with claim 1 
wherein said circuit means responsive to armature ter 
minal voltage and armature current for providing the 
polarity signal includes an ampli?er provided with a 
non-inverting input and an inverting input, a series resis 
tor and capacitor network, said armature terminal volt 
age being applied across said resistor and capacitor 
network with the voltage developed across said capaci 
tor being supplied as an input to said non-inverting input 
of said ampli?er, said inverting input receiving a signal 
proportional to armature current. 

3. A circuit apparatus in accordance with claim 2 
including a polarity circuit means for selectively adjust 
ing the sensitivity of said polarity signal in response to 
the detection of predetermined levels of armature cur 
rent. 

4. A circuit apparatus in accordance with claim 3 in 
which said polarity circuit means provides maximum 
sensitivity to the signal indicative of the polarity of the 
counter electromotive force during periods of time 
when armature current is detected to be substantially 
zero. 

5. A circuit apparatus in accordance with claim 3 
including a zero current detector means, said zero cur 
rent detector means adapted to receive a signal propor 
tional to armature current and to produce a signal out 
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10 
put to said polarity circuit means for selectively adjust 
ing the sensitivity of said polarity circuit means to maxi 
mum when said armature current is substantially zero. 

6. A circuit apparatus in accordance with claim 1 
wherein said polarity signal is of a ?rst polarity indicat 
ing a ?rst direction of rotation of said d-c machine or of 
a second polarity indicating a second direction of rota 
tion of said d-c machine, and said absolute value circuit 
means includes signal processing paths for the output of 
said a-c tachometer which produce an output signal 
having a predetermined absolute value for a predeter 
mined value output of said a-c tachometer independent 
of said ?rst and second polarity signals. 

7. A circuit apparatus in accordance with claim 1 
wherein said absolute value circuit means includes a 
?rst ampli?er provided with an input and an output and 
a second ampli?er provided with an input and an out 
put; a ?rst and second signal path for applying a signal 
to said input of said second ampli?er, said ?rst signal 
path applying a signal to said input of said second ampli- ‘ 
?er from said a-c tachometer, switch means responsive 
to said polarity signal and connected to the output of 
said ?rst ampli?er for selecting a signal feedback path 
which determines a signal value to be applied to said ' 
second signal path of said input of said second ampli?er, 
means whereby said signals developed via said ?rst and 
second paths are algebraically summed at the input of 
said second ampli?er to produce a net signal input to 
said second ampli?er, whereby said output of said abso 
lute value circuit means is proportional to the output of 
said a-c tachometer and the speed of said d-c machine 
and whereby the polarity of the output of said absolute 
value circuit means is a function of the direction of 
rotation of said d-c machine. 

8. Circuit apparatus for providing a signal indicative 
of speed and direction of rotation of a bi-directional d-c 
machine utilizing an a-c tachometer output as the speed 
signal from said bi-directional d-c machine, comprising: 

circuit means responsive to armature terminal voltage 
and armature current to provide a signal propor 
tional to the counter electromotive force generated 
in the armature; 

polarity circuit means responsive to armature current 
and the signal proportional to the counter electro 
motive force for generating a polarity signal which 
is a function of the polarity of the counter electro 
motive force; and 

absolute value circuit means for receiving the output 
of the a-c tachometer driven by said bi-directional 
d-c machine, said absolute value circuit means in 
cluding switch means responsive to said polarity 
signal for selecting signal feedback paths within 
said absolute value circuit means, said absolute 
value circuit means generating an output signal 
having an absolute value proportional to the output 
of said a-c tachometer and the speed of said d-c 
machine and a polarity which is a function of the 
direction of rotation of said d-c machine. 

9. Circuit apparatus in accordance with claim 8 
wherein said circuit means responsive to armature ter 
minal voltage and armature current to provide a signal 
proportional to the counter electromotive force gener 
ated in the armature includes an ampli?er provided with 
a non-inverting input and an inverting input, a series 
resistor and capacitor network, said armature terminal 
voltage being applied across said resistor and capacitor 
network with the voltage developed across said capaci 
tor being supplied as an input to said non-inverting input 
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of said ampli?er, said inverting input receiving a signal 
proportional to armature current. 

10. A circuit apparatus in accordance with claim 8 
wherein said polarity circuit means includes means for 
selectively adjusting the sensitivity of said polarity cir 
cuit means in response to the detection of predeter 
mined levels of armature current. 

11. A circuit apparatus in accordance with claim 10 in 
which said means for selectively adjusting the sensitiv 
ity of said polarity circuit means includes a zero current 
detector for detecting substantially zero armature cur 
rent, said zero current detector providing a zero current 
detector output signal to said polarity circuit means and 
means to cause said polarity circuit means to provide 
maximum sensitivity to the signal proportional to the 
counter electromotive force during periods of time 
when armature current is detected to be substantially 
zero. 

12. A circuit apparatus in accordance with claim 8 
wherein said polarity signal is of a first polarity indicat 
ing a ?rst direction of rotation of said d-c machine or of 
a second polarity indicating a second direction of rota 
tion of said d-c machine, and said absolute value circuit 
means includes signal processing paths for the output of 
said a-c tachometer which produce an output signal 
having a predetermined absolute value for a predeter 
mined value output of said a-c tachometer independent 
of said ?rst and second polarity signals. 

13. A circuit apparatus in accordance with claim 11 
wherein said signal processing paths of said absolute 
value circuit means includes a ?rst and a second input 
signal path to an ampli?er, said ?rst signal path receiv 
ing the output of said a-c tachometer, said second signal 
path receiving a selectively developed signal having a 
polarity opposite to that of the output of said a-c ta 
chometer, said selectively developed signal being selec 
tively developed in response to the condition of said 
switch means in response to said polarity signal, means 
to algebraically sum the signals in said ?rst and second 
input signal paths to produce a single polarity output 
signal for positive and negative half cycles of said a-c 
tachometer output for a predetermined polarity signal 
whereby the direction of rotation of said bi-directional 
machine may be indicated by the polarity of said single 
polarity signal and the speed of rotation of said bi-direc 
tional d-c machine indicated by the absolute value of 
said output signal. 

14. A circuit apparatus for providing a signal indica 
tive of speed and direction of rotation of a bi-directional 
d-c machine utilizing an a-c tachometer output as the 
speed signal from said bi-directional d-c machine, com 
prising: 

circuit means for providing a signal proportional to 
the counter electromotive force generated in the 
armature, said circuit means including an ampli?er 
having a non-inverting input, an inverting input 
and an output, said non-inverting input receiving a 
signal derived from armature voltage by circuit 
network means, said inverting input of said ampli 
?er receiving a signal derived from armature cur 
rent, the signal appearing on the output of said 
ampli?er being the difference of the two input 
signals and being proportional to the counter elec 
tromotive force generated in the armature; 

zero current detector means for detecting substan 
tially zero armature current and producing a zero 
current detector output signal when armature cur 
rent is substantially zero; 
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12 
polarity circuit means for generating a polarity signal 
which is a function of the polarity of the counter 
electromotive force, said polarity circuit means 
including circuit means selectively operable to 
increase the sensitivity of the polarity circuit 
means, said sensitivity circuit means receiving the 
output signal proportional to the counter electro 
motive force and being responsive to the output of 
said zero current detector means, said sensitivity 
circuit means increasing sensitivity when said zero 
current detector means detects substantially zero 
armature current; and 

absolute value circuit means, said absolute value cir 
cuit means’ including a ?rst ampli?er provided with 
an input and an output and a second ampli?er pro 
vided with an input and an output, a ?rst and a 
second signal path for applying a signal to said 
input of said second ampli?er, the output of said a-c 
tachometer driven by said'bi-directional d-c ma 
chine being applied to said input of said ?rst ampli 
?er and to said input of said second ampli?er via 
said ?rst signal path, switch means responsive to 
said polarity signal and conncted to the output of 
said ?rst ampli?er for selecting a signal feedback 
path, a circuit component in one of the signal feed 
back paths for developing a signal to be applied to 
said second signal path of said input of said second 
ampli?er, said ?rst and second signals paths being 
comprised of predetermined relative component 
values, said signals in said ?rst and second signal 
paths being algebraically summed at the input to 
said second ampli?er to produce a net signal input 
to said second ampli?er to produce the output of 
said absolute value circuit means on the output of 
said second ampli?er whereby said output of said 
absolute value circuit means is proportional to the 
output of said a-c tachometer and the speed of said 
d-c machine and whereby the polarity of the output 
of said absolute value circuit means is a function of 
the direction of rotation of said d-c machine. 

15. A circuit apparatus in accordance with claim 14 
wherein said circuit network means includes a series 
connected resistor and capacitor; sid armature voltage 
being applied across said series combination of said 
resistor and capacitor, said non-inverting input receiv 
ing the signal developed across said capacitor. 

16. A circuit apparatus in accordance with claim 14 
wherein said switch‘means is comprised of: 
two sets of two unidirectional current switch means; 
one set of said two sets of two switch means being 

enabled in response to said polarity signal being of 
the ?rst polarity with one of the two switch means 
of said set conducting on alternate half cycles of 
the a-c tachometer output, conduction through one 
of said enabled unidirectional current switch means 
of the enabled set of switch means developing a 
signal of a ?rst predetermined polarity across said 
circuit component in the feedback path, said devel 
oped signal being fed to said input of said second 
ampli?er via said second signal path; and 

said second set of two unidirectional current switch 
means being enabled when said polarity signal is of 
a second polarity with one of said two switch 
means of said second set conducting on alternate 
half cycles of the a-c tachometer output, current 
conduction through one of said two unidirectional 
current switch means of said second set of switch 
means developing a signal across said circuit com— 
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signal being applied to said input of said second 
ponent of a polarity opposite to the polarity devel- ampli?er via said second signal path. 

17. A circuit apparatus in accordance with claim 16 
oped by conduction through one of the unidirec- wherein said circuit component in the feedback path is 

5 a resistor. 
tional switch means of the ?rst set, said developed * " “ * * 
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